The structure and leaf development of the shoot apical meristem in embryos and seedlings of Thuja orientalis L.were observed by using SEM,and the area of the shoot apical meristem was studied by an image analyzer.The shoot apex of embryos was of a round tip cone shape with flat sides;it was transformed into an inverted boat shape.In seedlings,the shoot apical meristem was of a convex-rectangular shape during the early stages of development of two decussatelst leaf primordia;but in the later stage of the development,it turned into a flat square shape.The shoot apical meristem was of a convex diamond shape during the early development of whorled four 2nd leaf primordia;but it turned into a flat diamond shape in the later stage of this process.In the early development of the3rd leaf primordia,it was transformed into a convex square shape.Both the minimal and maximal areas of the shoot apical meristem gradually decreased as the plant developed from an embryo into a seedling.In seedlings,the1st leaves showed a decussate phyllotaxis,while the2nd leaves and later leaves all showed a four-leaf whorl phyllotaxis.All the leaves developed into needles.
Most research on the shoot apical meristem of the seed plants has been carried out by median longisectional views (Sussex,1955; Tolbert,1961; Gifford and Corson,1971; Gregory and Romberger,1972) ,because this method afforded an easy distinction of characteristically arranged groups of cells.A serial transectional view made it possible easily to trace the cell lineage of the tunica layer and the initiation of successive leaf primordia in the apical region (Hara,1961 (Hara, , 1971a (Hara, ,b,1991 .However,a comprehensive understanding of the organization and of leaf primordia initiation of the shoot apical meristem was strongly called for three dimensional analysis (Hara,1971b (Hara, ,1980 (Hara, ,1991 (Hara, ,1995 .
In the meantime,a stereomicroscopic observation revealed that various changes arose morphologically in the shoot apical meristem of the seed plants (Hara,1980) .It has been pointed out that(i)there are prominent differences in the shapes and sizes of the shoot apical meristems of the dicotyledons though they were in somewhat convex shapes (Fahn,1982) and that(ii)the shapes of shoot apical meristems also showed differences depending on the phase of their plastochron (Sterling,1945; Tolbert,1961; Hara,1980 ,Fahn,1982 .
Since the shoot apical meristem of the gymnosperms was explained by the cytohistological zonation through a median longisectional view of Ginkgo biloba (Foster,1938) ,lots of research has been carried out about it (Foster,1939a (Foster, ,b,1940 (Foster, ,1943 Cross,1943; Parke,1959; Tepper, 1963; Vanden Born,1963; Fosket and Mische,1966; Hanawa,1966) .But little results are known of the research on the shoot apical meristem of the gymnosperms in terms of its three dimensional structure.Therefore,a developmental morphological study on the structure and leaf development of the shoot apical meristem of the gymnosperms is requested.
In the present study,the results of an SEM observation of the structure and leaf development of the shoot apical meristems in embryo and early seedlings of Thuja orientalis L.will be reported. For SEM observations the materials were killed and fixed in Craf III,dehydrated in t butanol,dried in critical-point dryer and coated with gold.The microphotographs were prepared with SEM(ISI Model SR-50)at10Kv.The diameters of long and short axes and the minimal and maximal areas of the shoot apical meristem were respectively measured from5individuals by using an image analyzer (IBAS 2000,KONTRON) .
Results
Thuja orientalis L.bloomed in March or April and its seed fully riped in September.From mature embryos in seeds to young seedlings,observations were divided in convenience into four developmental stages of the shoot apical meristem:(i)shoot apex of embryo,(ii)development of1st leaf primordia,(iii)development of2nd leaf primordia and(iv)development of3rd leaf primordia. (Fig.2) .The superficial view of the shoot apex resembled the shape of a convex lens (Fig.1A) ,and the side view from the direction of the cotyledons showed a curve with a convex center (Fig.1A' ). (Fig.6 ).The superficial view was of a diamond shape (Fig.1E )and the side view from the direction of the cotyledons showed a curve with a convex center (Fig.1E') . (Fig.7) ,which was resulted from the protrusions of the components around the shoot apical meristem.The superficial view showed a diamond shape (Fig.1F) ,and the side view from the direction of the cotyledons showed a trapezoid curve (Fig.1F' ). (Fig.9) .
Discussion
In the seed plants,the shoot apical meristem of vegetative shoot is generally of a dome shape (Hara,1961),but it was pointed out that its shape differed depending on the plastochron (Sterling, 1945; Tolbert,1961; Fahn,1982) .This phenomenon was similar to the developmental process of the shoot of Aucuba viewed in three dimension (Hara,1980) .The shape of the shoot apical meristem of Aucuba changed into a flat shape,concave shape and dome shape in successive developmental stages of foliage leaves,scale leaves and bracts.In Thuja orientalis,the three dimensional structure varied as the plant developed from the embryo stage to seedlings.The shoot apex of the embryo showed a round tip cone shape with flat sides;but the shape turned into an inverted boat shape (Fig.3) .This phenomenon was explained in terms of the fact that the shoot apex lied between the two cotyledons and developed in parallel with them.At the minimal area phase of the1st leaf plastochron,or at the early stage of development of two1st leaf primordia,the shoot apical meristem showed a rectangular shape with a convex center;at the maximal area phase of the1st leaf plastochron,or the late stage of development of1st leaf primordia,it turned into a flat square shape.The transformation of an inverted boat shape to a convex rectangular one at the The three dimensional view of the shoot apical meristem was of a convex diamond shape at the early stage of development of four whorled2nd leaf primordia,and it later changed to a flat diamond shape at the late stage of development of2nd leaf primordia.This phenomenon seems to have resulted from the almost simultaneous initiation of four2nd leaf primordia from the four courners of the flat square shape.At the following early stage of development of four3rd leaf primordia,the shoot apical meristem further changed to a convex square shape which was resulted from the whorl initiation of four3rd leaf primordia from the four courners of the flat diamond shape.After that,the shape of the shoot apical meristem alternated to a diamond shape and,further to a square shape according to initiation of leaf primordia.On the other hand,the superficial view of the shoot apical meristem from the embryo stage to seedlings changed in the order of a convex lens shape,a boat shape,a rectangular shape,a square shape,a diamond shape and then back to a square shape.When it was seen in the side view from the direction of the cotyledons,the shoot apical meristem at all stages showed a convex curve during the minimal area phase of plastochron and a curve with a flat center during the maximal area phase,showing a difference from Sequoiea (Sterling,1945) .In the case of Sequoiea (Sterling,1945) ,the median longitudinal view of the shoot apical meristem normally forms a parabola,but it also changed into a half-circle and triangle depending on plastochron.The shoot apical meristem of Thuja orientalis showed a significant structural changes in close relationships with the position and the. number of leaf primordia and plastochron.
The area of the shoot apical meristem has a close relationship with plastochron(Hara,1980); normally,the maximal area phase happened just before the initiation of leaf primordia and the minimal area phase happened after the initiation.The area of the shoot apical meristem of Thuja orientalis from its embryo state to seedlings marked the biggest;the area then gradually got smaller with initiation of two1st,four2nd and four3rd leaf primordia in the given order . The seed plants are known to have their own original forms of phyllotaxis.In the case of Thuja orientalis,the1st leaves of seedlings had a decussate phyllotaxis,while the2nd leaves and later leaves had a four-leaf whorled phyllotaxis.Though the1st decussate leaves of seedlings were big, they all developed into needles later.The result of the observation of the present study has almost the same with the report that,the1st and2nd leaves of seedlings were of a decussate phyllotaxis and the3rd and4th leaves were of a whorled phyllotaxis in Thuja occidentalis L.,although it was not based on developmental examination (Yamanaka,1975) .
A continuous and further study is expected to be carried out,in terms of developmental morphology,on the structure of the shoot apical meristem,leaf development and axillary bud development in the seedlings and the adult plants of Thuja orientalis.-5- 
